In order to be able to investigate the properties and characteristics of glia in the retina, a monotypic culture of retinal glial cells is likely to be an important research vehicle. Glial cells are the support and nutritive cells for neurons in the retina, being essential for survival of the neurons. Interactions between glia and neurons are thought to play an important role in processing of information and in the maintenance of a balance of ions, transmitters and metabolites, to provide an optimal environment for neuronal activity.I, 2 To determine the characteristics and behaviour of glial cells and to ascertain how they function to maintain a consistent environment, requires a pure cell population. This necessitates the isolation of cells from the retina and their maintenance in culture. Cultures can then be used to investigate the normal behaviour of cells and also the effect of adding specific substances to the culture, for example to assess toxicity or anti proliferative ability of drugs.
Glial cells are the support and nutritive cells for neurons in the retina, being essential for survival of the neurons. Interactions between glia and neurons are thought to play an important role in processing of information and in the maintenance of a balance of ions, transmitters and metabolites, to provide an optimal environment for neuronal activity.I, 2 To determine the characteristics and behaviour of glial cells and to ascertain how they function to maintain a consistent environment, requires a pure cell population. This necessitates the isolation of cells from the retina and their maintenance in culture. Cultures can then be used to investigate the normal behaviour of cells and also the effect of adding specific substances to the culture, for example to assess toxicity or anti proliferative ability of drugs.
Glial cells were first cultured from the brain, however its glial composition is different to the eye so that these cultures may not be appropriate for ocular studies.3 Glial cultures from the retina were derived initially from embryonic tissue. 4 The cells surviving in cultures from embryonic tissue may be stem cells and these may not exhibit the same properties as differentiated glial cells.
Study of Mueller cells was hampered by the difficulty in growing them in vitro from their differentiated state in the mature retina. Initially, glia were isolated from the retina but were not cultured and the cells only survived a few hours. 5, 6 The technique was modified so that the isolated cells grew in culture,7,8 however the procedure was complex and time-consuming. A simpler technique for obtaining cultures of retinal glial cells from the rabbit retina was developed by Burke and Foster.9 However the rabbit has a predominantly non-vascular retina which may not be appropriate for studies relating to human pathological conditions.
The development of a simple method to obtain large numbers of glial cells from a vascular, adult retina will allow examination of aspects of Mueller cell physiology and pathology.
Anatomy
There are several types of neuroglial cells including astrocytes, oligodendrocytes, peri vascular glia and Mueller cells having different functions and, in some species, different locations within the retina. 
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Vascular Retina
The vascular retina (e.g. human, monkey, rat etc) contains several types of glial cells of which the Mueller glia form the largest volume with astrocytes, microglia and perivascular glia also being present.
.
Mueller glia arise from the retinal neuro epithelia. The cells have a nutritive and a suppor tive role for the neurons. One of their most important functions is to provide glucose to the nerve cells and they can synthesise and store glycogen. IO,1I Mueller cells are elongated with their nucleus located in the middle portion of the inner nuclear layer, and the cytoplasm expands radially the whole width of the retina from the outer limiting membrane to the inner limiting membrane. As it passes through the different layers, the Mueller cell is alongside all of the neurons within the retina. The inner limiting membrane of the neural retina is formed by the overlapping of the endfeet of Mueller cells and the outer limiting membrane occurs at the junction of the Mueller cells and photoreceptors. The processes of the cells enclose the neurons, insulating the nerve fibres and filling in much of the space. In retinal layers that contain blood vessels Mueller cell processes surround large areas of the capillaries and some of the surfaces of the larger vessels. 10,1 2 The close contact of Mueller cells with the other retinal cells ensures that there is little extracellular space in the retina.
Microglia are found in the inner retina, especially in the nerve fibre layer. IO There are normally very few of these phagocytic cells and they are the retinal equivalent of the fixed histiocyte or macrophage present in connective tissue. They are difficult to identify in normal tissue becoming apparent only when they have ingested material. It is thought that most of the macrophage cells observed in pathological tissue originate from the blood stream. 1 2
The origin of astrocytes in the retina has been the subject of debate. It has been suggested that, in common with Mueller cells, they arise from retinal neuroepithelial cells. Another proposal has been that they migrate from the optic nerve. Evidence for the latter has been provided by Watanabe and Raffi3 who have shown that there is migration of astrocytes from the optic nerve into the retina during embryonic development of the rat.
To 16 The astrocyte density is highest at the optic nerve extending across the temporal retina above and below the area centralis corres ponding to the position of the arcuate nerve fibres with the density rapidly decreasing away from this area. 16 Perivascular glia are easily visualised using silver staining17 and are seen to be associated with blood vessels, lying outside the capillaries whereas the pericytes lie within. The cell body is star-shaped and has many long processes that wind round the walls of the blood vessels. 1 2
Avascular Retina
In the avascular retina (e.g. rabbit, guinea pig) oligodendrocytes and astrocytes only occur in the medullary ray, the region formed by myelinated optic nerve fibres. The astrocytes establish contacts with blood vessels located within the medullary ray, usually via an extended process, their perikarya being situated at some distance from the vessel. Astrocytes have also been shown to be in contact with blood vessels in human, 17 ratlS and mousel9 retinae. Astrocyte processes are aligned parallel to the ganglion cell axons and may be necessary for maintenance of the axons.
The distribution of glial cells in the rabbit retina was found to be related partly to the thickness of the nerve fibre layer and partly to total retina thickness. 2o The density of the Mueller cells increased as the retina became thicker. In the centre of the retina, near the optic disc, where the retina was at its thickest due to the bulge of the nerve fibre layer the vitrea1 processes of several Mueller cells ran together through the nerve fibre layer bypassing large bundles of optic axons. It was in this region that the non-radial glial cells, the astrocytes and oligodendrocytes, occurred. In the rabbit, the glia:neuron ratio remained constant except very close to the optic nerve, where it was increased due to the presence of astrocytes. Astrocytes were only found where the nerve fibre layer was greater than l3Ollm, however this did not apply in other species, where overall retinal thickness was more closely related to the presence of astrocytes than that of the nerve fibre layer. The blood vessels appeared to have the most influence on the distribution of astrocytes because they were absent from areas of the retina lacking vessels as was seen in the rabbit and the horse which have predominantly avascular retinae. 21 In the vascular retina of the monkey astrocytes are not present in a small area, surrounding the fovea centralis, which also lacks blood vessels. 21 In the rabbit retina, Mueller cells represented 7 % of the total retinal cell number and occupied 6.8 % of the retinal volume. 22 In the outer nuclear layer there was one neuron per Mueller cell whereas in the inner nuclear layer there were two neurons. 22 The morphology of the Mueller cell was dependent on its location in the retina, at the periphery of the retina the cells were short and characterised by a thick vitreal process bearing a single endfoot, towards the centre of the retina the processes became thinner and the endfoot smaller. 20 As the nerve fibre layer thickened the vitreal processes of Mueller cells divided into several fine branches each bearing a very small endfoot. Immediately adjacent to the optic nerve region, in the thickest region of both the retina and the nerve fibre layer, Mueller cell morphology again became rather simple, being characterised by a very long and thin vitreal process, having one or occasionally several endfeet.2o
Magalhaes,23 looked at whether different areas of the Mueller cell were specialised for differing functions. One of the major functions of these cells is glucose synthesis and this predominantly occurred in the inner cell portion which contained a dense network of smooth cisternae being the site of glucose-6-phosphatase activity, using glycogen as a source of glucose. Glycogen was stored, in a beta form, as single particles in the cytoplasm of the Mueller cells. 11 Although glycogen was evenly distributed throughout the cytoplasm, this still resulted in a retinal glycogen gradient because the inner retina contained more extensive areas of cyto plasm and consequently more glycogen. The glycogen is required for anaerobic glycolysis so that an even supply of energy to the inner retina is maintained in the absence of a vascular supply. 24 The middle portion of the Mueller cell was rich in free ribosomes, rough endoplasmic reticulum cisternae and Golgi complex and this was the site of protein synthesis.23 The outer portion was adapted for absorption and intra cellular transport with its numerous microvilli and microtubules. 23
Techniques of Culturing
Some of the first cultures to be reported were from embryonic tissue, in particular from the chick retina. Adler et al4 using embryonic chick neural retina, showed that the type of cell that was produced was dependent on the conditions of the culture. When a low adhesive substrata was used, the explanted cells formed clumps. If fetal calf serum was a component of the culture medium, flat cells (presumed to be glia) spread throughout the culture flask. However if horse serum served as the medium supplement, the glial cells remained in clumps. The use of glial highly adhesive substrata gave clump-free, flat cell-free, pure retinal neuronal cultures.
The first method to be published for the isolation of glial cells from adult tissue was by Sarthy and Lam in 1978. 5 They used the turtle retina because it contained Mueller cells which were much larger than the neurons so that two cell types could be readily separated by velocity centrifugation and visual isolation to obtain a homogeneous cell population. Retinae were incubated for two hours in an isotonic calcium free Ringer's solution containing papain and EGTA . The retinae were placed in normal Ringer's containing bovine serum albumin and deoxyribonuclease and the retina dissociated by pipetting the tissue gently up and down with a pasteur pipette. The suspension was allowed to settle and the supernatant removed and the process repeated until there was no undis sociated retinal tissue. The preparation usually produced four fractions and the one containing the most Mueller cells as observed by Nomarski optics was further purified. The fraction was applied to a bovine serum albumin or Percoll gradient and velocity sedimentation carried out at Ig for four hours and the various fractions eluted and the number and type of cells in each one determined. The fractions containing Mueller cells were spread on glass slides and individual cells selected under Nomarski optics. Characteristics associated with Mueller cells were present including glutamine synthetase and carbonic anhydrase activities as shown by the increase in their specific activity compared to retina and dissociated retinal cells.
Roberge et al? isolated glial cells from the adult rat retina using the Trachtenberg and Packey modification6 of Sartby's technique in which an amphoteric buffer was utilised allowing the bicarbonate to be reduced to prevent swelling of glial cells. The velocity sedimentation procedure was replaced by gradient centrifugation. The isolated cells were cultured by placing them in minimal essential media (MEM) supplemented with 10 % fetal calf serum (FCS), HEPES 25mM l00U/ml penicillin, 100",g/ml streptomycin, 50",g/ml gentamicin, 2mM L-glutamine and 20 % v/v of Concanavilin A spleen cell conditioned medium. Cells placed in media with FCS but no conditioned media remained stable, non-confluent and did not proliferate, such cultures could be maintained for four months consisting of a static population of large, flat and irregularly shaped cells. Cultures supplemented with spleen conditioned media proliferated with doubling time of approximately four days. These cells were smaller and thicker in appearance their shape being dependent on the stage in the cell cycle and the proximity of the culture to confluence. Dividing cells were phase bright and initially they became polygonal epithelioid in shape and later stellate while densely packed cultures took on a fibrous appearance. Cultures could be passaged and maintained to at least 13 passages. Transmission electron microscopy showed the presence of cytoplasm with abundant ribosomes, glycogen granules, smooth endoplasmic reticulum and intermediate filaments. The cultures were characterised using antisera against glial fibril lary acidic protein (GFAP) and a monoclonal antibody to Mueller cells developed in their laboratory. 25
Sartby8 also cultured glia from adult rat retina but he used retinae in which there was photo receptor degeneration produced either by exposure to constant light or by a genetic defect. Cells were isolated from these degenerated retinae by trypsin treatment, with clumps of cells being dispersed by vigorous trituration and the resultant single cells were plated into dishes. Initially the cells were elongated with a spiky morphology and then became flattened as they proliferated. Addition of conditioned medium was found not to be required and good growth took. place in it's absence. Cultures became confluent and in this state were maintained for 4-6 weeks. The cells were thought to be glia because most stained with anti-GFAP. Neurons, a possible contaminant of the culture, were not present because the cells were not stained by an antibody to tetanus toxin. It was concluded that the cells were predominantly Mueller cells since monoclonal antibodies against glutamine syn thetase and carbonic anhydrase were positive. The isolation procedures produced Mueller cell cultures but the technique was complicated and compromised viability because the cells could be maintained for only a limited period. Thus the procedure was impractical as a way of pro ducing the large numbers of cells needed for most experimental studies.
Burke and Foster9 developed a much easier method for the culture of glial cells from the rabbit retina. Isolation of the Mueller cells before culture was shown to be unnecessary. The rabbit optic nerve is surrounded by superficial myelinated nerve fibres which form the medullary rays. Blood vessels are restricted to the medullary rays and vascular elements from this tissue grow readily in culture. Fortunately this tissue can be easily isolated from the retina. Burke and Foster removed the retina, discarded the medullary rays and washed the retinal explant in serum-free MEM to remove adherent retinal pigment epithelia. The explant was cut into small pieces and suspended in 20ml medium containing 10 % fetal bovine serum (PBS) and antibiotics, and cultured in flasks under 5 % CO 2 , After ten to 14 days in culture the medium containing the tissue was removed and centrifuged. The pelleted tissue was resuspended in fresh medium and replaced in the culture flask, within one or two days the tissue adhered and there was rapid proliferation of the cells, which could then be passaged by trypsin treatment. The cells grown by this method were phenotypically diverse. Epithelioid, fibroblastic, stellate and large flat plate-like forms were recognised. Many of the cells in primary culture were bi-or multinucleate. On passaging, the cells developed a more homo geneous appearance being predominantly epithe lioid. The cells were thought to be Mueller glia because (a) astrocytes and oligodendrocytes are res tricted to the medullary ray which had been removed, (b) neural cells do not grow in the culture con ditions provided (c) autoradiography of the necrosing retina showed these were the only cells to be under going DNA synthesis. However the cells could not be stained with antibodies to the glial markers GFAP or gluta mine synthetase. Growth rate was highest in early cultures as shown by the time taken to reach confluence and DNA synthesis was highest in primary and first passage cultures. Cell number per flask was maximal at first passage because at higher passage cells were larger and flatter. In cultures above first passage, it appeared that very few of the cells were capable of proliferating and after fourth passage confluence could not be established.
There are limitations with all the current techniques available for the culture of glial cells from the retina. The methods of Sarthy8 and Roberge et al7 are impractical for the preparation of large numbers of cultures which may be neces sary for some experimental work. The require ment of spleen conditioned media for growth 7 may result in cells having atypical properties. Although culture of glial cells from the rabbit retina is an easy technique, these cultures do not grow rapidly, confluence cannot be obtained after fourth passage and the use of an avascular retina may not be appropriate for some studies. There is therefore a need for a simple method of culture of glial cells from a vascular retina. We have investigated two methods of glial culture using the bovine retina. Retina was removed from a bovine eye which had been left at 4°C for 24 hours, and washed in three changes of phosphate buffered saline (PBS), to remove adherent retinal pigment epithelial cells. Small pieces of retina, approximately lcm2, were floated in 25cm2 flasks containing 15mI minimal essential media with Earle's salts (Gibco), 15 % newborn calf serum (NCS, Gibco), penicillin and streptomycin (100 units/mI, Gibco) and amphotericin B (0.25 units/mI, Flow). They were incubated at 37°C and 5 % CO 2 and the appearance of cells monitored by phase contrast microscopy.
The major problem associated with glial culture from vascular retinae is possible con tamination by blood vessel cells such as pericytes, smooth muscle cells and endothelium. In the other technique, blood vessel fragments were removed. After washing the retina, it was homogenised with a glass-teflon Potter Elvehjem homogeniser and the homogenate was spun at 1600 rpm for 10 minutes, the supernatant was discarded and the pellet resuspended in serum-free media. The suspension was passed through an 85iJIIl mesh (Henry Simon Ltd, Stockport, Cheshire) and the filtered solution was spun at 1,000 rpm for 10 minutes. The cell pellet was resuspended in MEM and passed through a 53",m mesh (Henry Simon Ltd). The suspension of disassociated cells was divided between 25cm2 flasks into which lmI of NCS had been placed and 3ml of MEM containing 15 % NCS was added. The cells were incubated at 37°C in 5% CO 2 , The appearance of the cells was monitored by phase contrast microscopy.
Once cells had settled and spread, the NCS was replaced with 10 % FCS and the cultures were fed twice a week with 5mI of MEM containing FCS. Cultures isolated by both methods became confluent in three to four weeks and then were passaged, using a trypsin/EUfA solution (0.25 % trypsin and 0.02 % EUfA) although, in common with rabbit cultures,9 the cells were difficult to remove from the flask, suggesting strong cell adhesion. Cells could be passaged to at least tenth passage. From pieces of floating tissue, cells were seen to drop out and settle after seven days in culture. Initially the cells were round with ruffled membranes and microspikes (Fig 1 A and B) . As the cultures became more confluent, after 14 to 21 days, the cells became elongated and flattened (Fig 2A) . At confluence the cells had a reduced surface area when compared to the large pre confluent cells (Fig 2B) . Contact inhibition did not occur, the cells overlapped each other. Post confluent cells were seen to retract to form mounds of cells from which new cells grew to recolonise the area of flask left vacant (Fig 3) .
Autoradiography, using 3H-thymidine, of the floating tissue at different times after placing the tissue in culture showed no evidence of cells undergoing DNA synthesis until the seventh day in culture. At seven days large round cells were present in the degenerating retina. The round cells were healthy and were the only cells to incorporate thymidine (Fig 4A) . The labelling of these cells increased with time in culture from 35 % at one week to 46 % at two weeks and 60 % at three weeks. We considered that the round cells involved in DNA synthesis were Mueller cells because they were larger than astrocytes and demonstrated positive GFAP staining in their cytoplasm. At no time were any of the blood vessel cells seen to be undergoing DNA synthesis (Fig 4B) .
Cells isolated via meshes settled between the first and the fourth day in culture. The appear ance and behaviour of the cells was the same as for those isolated from floating tissue.
Growth curves were established on first to fifth passage cultures by seeding 7.52xl03 cells per cm2. The number of cells were counted until confluence was reached at approximately two million cells per flask. It was obvious that higher passage cells reached confluence more quickly than lower passage cells (Fig 5) . First passage cells only reaching confluence on the sixteenth day in culture compared to second passage cells becoming confluent by the thirteenth day and third passage cells by the eighth day. The cells isolated by both methods demonstrated carbonic anhydrase and glutamine synthetase activities. Carbonic anhydrase activity was shown in cultures using a histochemical reaction. 26 Glutamine synthetase activity could be measured in post-confluent cultures after induction with hydrocortisone (1.5 mM, for 48 hours), an activity of 9.88±3.l2 J.lM/min/106 cells was determined.
GFAP is a marker for astrocytes and in some circumstances can be demonstrated in Mueller cells. Monoclonal antibodies against GFAP did not stain the cultured cells, however an antiserum against GFAP (gift from Dr U Chakravarthy,27) did stain our cells. S-lOO, is a protein located in glial cells in the central nervous system and retina. Anti-serum to this protein positively stained most of the cultured cells from the bovine retina indicative of their glial origin. Vimentin is an intermediate filament found in many cells, with Mueller cells being particularly rich in vimentin. factor-VIII were used to determine if endothelial cells from the blood vessels were present. No cells stained with either antibody and although contamination by pericytes cannot be discounted in the cultures from floating tissue, the auto radiography studies suggested these were unlikely to be present as there was no DNA synthesis associated with blood vessels (Table I) . One of the possible contaminants from the neural retina is the neuronal cells themselves, however these do not readily survive in culture, Adler et al4 in cultures from chick embryos found that when fetal calf serum was included in the media by the sixth day none of the neuronal cells were still capable of proliferation and there were not many neuronal cells the culture being predominated by flat cells, which were negative for tetanus toxin, a neuronal marker.
Identification of Retinal Glial Cells
To be able to identify the cells grown in culture, a marker specific for glial cells would be an advantage, for glial cells a variety of factors have been used, including glial fibrillary acidic protein (GFAP), an intermediate filament, S-lOO, a protein and two enzymes, carbonic anhydrase and glutamine synthetase. Carbonic anhydrase catalyses the hydration of CO 2 , several isomers of the enzyme exist, carbonic anhydrase II being present in Mueller cells. In the embryonic retina, . carbonic anhydrase is present in all cells of the undifferen tiated retina but as development occurs it becomes localised to the Mueller cells. 29 In Mueller cells, carbonic anhydrase II is located in the cytoplasm and the membranes. Its function is probably to convert CO 2 , produced by the neurons, to bicarbonate and hydrogen ions for use by glial cells to maintain an optimal electro lyte environment for neural activity. Although this isoenzyme is located at several sites within the eye, in the retIna, carbonic anhydrase II is found only in the Mueller cells, in the pigment epithelia and in erythrocytes. 3o Retinal pigment epithelial cells can be identified by staining for keratin, an epithelial cell marker, to distinguish them from Mueller cells. To assay for activity either a histochemical reaction or an antibody can be employed. Neither of these are entirely satisfactory because the histochemical reaction is inconsistent and as yet, a monoclonal antibody or an antiserum is not commercially available. However several research laboratories have produced their own, for example, Sarthy using an anti-carbonic anhydrase II, developed in house, showed that 90 % of the cells in a culture of Mueller cells from a rat retina exhibited carbonic anhydrase activity. 8
Glutamine Synthetase
Glutamine synthetase (EC 6.3.1.2) catalyses the amidation of glutamate to glutamine, an essential precursor of several biosynthetic pathways. In the nervous system it is involved in the recycling of putative amino acid neurotransmitter molecules such as glutamate and GABA released by physiologically active neurons.31,32 Initially glutamine synthetase is not present in the embryonic retina, only being expressed after cell-to-cell contacts become established. Also maturation of the adrenal gland with the con sequent release of corticosteroids is required. Glutamine synthetase is only expressed by the Mueller cells of the retina33 and therefure can be used as a specific marker. Low levels of gluta mine synthetase can be determined after induction with hydrocortisone, with increased amounts when glia-neuron interactions are present. Therefore in cultures of glial cells detection is difficult, activity can be measured in post-confluent cultures after induction with hydrocortisone although levels are low. Burke and Foster9 in rabbit cultures were not able to reproducibly determine glutamine synthetase activity, while Sarthy8 in cultures of glial cells from the rat retina using an antiserum to glutamine synthetase was able to demonstrate that 82 % of the cells in culture were positively stained.
Glial Fibrillary Acidic Protein (GFAP)
GFAP is an intermediate filament, found in astrocytes. Mueller cells, in certain circum stances, also show the presence of GFAP. We have shown that in normal bovine retina Mueller cells expressed GFAP (unpublished observation) whereas in the human34 and rat35,36,37 retinae it was localised by antibodies only after injury. The expression of GFAP in cultured cells is variable, primary cultures of astrocytes have been shown to be positive for GFAP but on passage, cultures gradually lost their ability to show positive stain ing for GFAP and by the fifth passage no cell was positive for GFAP although all cells expressed vimentin. 28 Duffey38 found that the distribution of GFAP within the cell was dependent on the state of the cell, those cells that underwent morphological differentiation had a GFAP pattern that became more peripheral whereas undifferentiated cells retained a perinuclear GFAP distribution.
The work of Bjorklund and DahP9 suggested that GFAP may be a family of closely related but not identical polypeptides. They used antisera and monoclonal antibodies against GFAP and showed that with the antiserum in the mouse and the rat, staining was seen in normal iris fibres, reactive cells in disturbed irides, lens epithelial cells, normal Mueller glia and those in damaged retina and retinal astrocytes. The monoclonal GFAP, however, only stained retinal astrocytes. Hatfield et al40 also showed GFAP immunoreactivity in lens epithelial cells. Schwann cells had been shown to stain for GFAP and it may be the unmyelinated nerve fibres in the iris which were showing GFAP reactivity.
S-JOO Protein
S-lOO is a protein that was first isolated from,the brain, immunocytochemical studies have shown it to be localised in brain astrocytes. 41 In the retinae of the rat, guinea pig, hamster42 and human43 S-100 has been found, using antibodies, to be localised to the Mueller cells. Although MaIner et al44 could not localise S-100 in the Mueller cells of the human retina, this could be a result of the different techniques used to prepare the tissue for staining. This protein may be a marker for Mueller cells.
Individually these markers may not be sufficient to identify conclusively Mueller cells in culture but in combination, they can be used to ascertain if the cells are Mueller cells.
Uses of Cultured Glial Cells
There have been several uses of cultured glial cells including determination of the events which take place in embryonic development of the retina, study of cellular interactions, investiga tions of cell migration and as a support for other cell types in culture.
Linser and Perkins45 worked with cultures derived from dissociation of embryonic retina to investigate the capacity of retinoblast cells to mature into definitive Mueller cells. They used two markers to follow the maturation, carbonic anhydrase and glutamine synthetase. Carbonic anhydrase was expressed early in the develop ment of the retina, initially it was present in all retinoblasts and then became restricted to the Mueller cells. Glutamine synthetase was induced in Mueller cells late in development in response to the maturation of the adrenal cortex and resultant elevation of systemic corticosteroids and to the formation of contact interactions with neuronal cells. Carbonic anhydrase but not glutamine synthetase was expressed when the interaction of neurons with glia was prevented, suggesting that for complete maturation of Mueller cells glia-neuron connections are necessary.
Burke46 established glial cultures from the avascular rabbit retina to determine the influence of cell-to-cell contacts on DNA synthesis and compared the findings with those from rabbit dermal fibroblasts. When glia and fibroblasts were settled at the same cell number in culture, the glia formed more contacts with each other than fibroblasts. For glia, the labelling rate with 3H-thymidine increased with the number of cell-cell contacts, whereas fibroblasts with three or more cell contacts had a depressed labelling. The factor(s) which caused this difference in behaviour is, as yet, unknown.
Burke and Foster47 also investigated the effect on DNA synthesis of culturing glia with other cell types. Co-cultures of retinal pigment epithelial and retinal glia showed a higher label ling rate than expected from cultures of each type alone. There was increased DNA synthesis in both cell types whereas co-culture of glia with dermal fibroblasts only increased the synthesis of fibroblasts. The increase in DNA synthesis of retinal pigment epithelial and fibroblasts induced by glial cells was shown to be due to factors secreted by the cells whereas for glial cells, contact of cells was necessary to stimulate synthesis. It is possible, however, that the inter actions between the cells may influence their behaviour to humoral factors. These experiments were carried out to determine some of the factors which could influence divisional behaviour in pathological conditions like proliferative vitreoretinopathy.
Another facet of proliferative vitreoretino pathy is the migration of cells from their normal site to the retinal surfaces. To investigate the migratory behaviour of glial cells Harvey, Roberge and Hjelmeland48 have tested cells from the rat retina. They found platelet-derived growth factor was a chemoattractant for glia but epidermal growth factor, transforming growth factor-B, endothelial cell growth factors, hepatoma-derived growth factor and retina derived growth factor did not cause their migration. Rat glia were found to migrate to vitreous and a retinal homogenate but not to pigment epithelium and conditioned medium from pigment epithelial cells. Surprisingly, although platelet-derived growth factor had profound effects on cell migration, it did not stimulate glial cell division. 49 Peters et al50 studied whether the injection of cultured Mueller glial cells from the rabbit into the rabbit vitreous caused the formation of epiretinal membranes. Membranes did develop on injection of 750,000 glial cells and these were unpigmented and caused detachment of the medullary ray in some eyes. At lower injection numbers there was membrane formation and occasionally focal traction. Initially the mem branes were predominantly cellular, with fibro blastic-like cells at the periphery and more epithelioid ones near the centre. Later extra-cellular matrix was present and proliferating cells were seen at the periphery of the tissue, the number of dividing cells decreasing with time.
Li and Sheffield51 have employed glial cells isolated from neural retina as support cells for the growth of neuwnal cells. The neuronal cells adhered to the glial cells in a random fashion forming clusters or patches in which the cells were loosely dispersed on the glial cells. Three to four days after plating, a network consisting of axon-like fibres and single or clustered neural retina cells formed on the glial cell surface, these fibres originated from the neurons.
We have been studying the cells grown from the bovine retina in a single, intact cell contraction assay. In this assay, cultured cells were exposed to Na 2 ATP for 60 mins and the resulting contraction was followed under phase contrast microscopy using a time-lapse system (Olympus). Drawings of the film were made on a film reader (Jena) at 0, 10 and 60 minutes and the area of each cell was computed using an image analyser (MOP videoplan, Kontron). It was found that glial cells contract with a dose optimum of 15mM ATP, which is the same as rabbit tenon's fibroblasts. 52 At this dose, there was a 75 % reduction from the original area of the cells (Fig 6) . On removal of the ATP, the cells were able to relax towards their original area and on addition of further ATP could recontract. This cycle of contraction and relaxa tion could be repeated at least four times (Fig 6) . This assay should enable us to have a better understanding of which cells may be involved in % of original area , .. the contractile process in tractional retinal detachment. Possible inhibitors of the contractile process can be assessed by this system, which is similar to an organ bath muscle preparation but employing single cells. The original work on contraction of cultured cells by ATP was on cells that had been treated with either detergent or glycerine to produce cytoskeletons. 53,54,55,56 Pretreatment was thought to be necessary for contraction to occur because the intact cells had strong adhesion to the rigid substrate on which they were grown. In such circumstances only isometric forces could be expressed. When loosened from the substrate the permeabilised cells were free to move so that isotonic contraction could then be measured.56 A comparison of the ability of intact and detergent treated cells, grown from epiretinal membranes, to contract on addition of ATP showed there was no difference between the two systems. 57 Intact cultured fibroblasts have also been shown to contract. 52 There are advantages in working with intact cells and not cytoskeletons, one being that the outline of the cells are clearer making assessment of the reduction in cell area easier. The cytoskeletal elements necessary for contraction cannot be eluted and the treatment required to produce cytoskeletons has been found to cause some loss of cell function. 54 The contraction resulting from addition of ATP can be easily reversed and repeated with intact cells whereas cytoskeletons particularly if produced by glycerine treatment tend to break up during contraction making relaxation and assessment of repeatability of the response impossible. 53
Conclusions
Several methods are available for the culture of glial cells from the retina, all the techniques result in cultures which are dominated by Mueller cells. The problems associated with the culture of glial cells from the retina are (a) the complexity of the isolation procedure, (b) preventing contamination of cultures by other cell types and (c) characterisation of the cultured cells. We have developed a simpler method for growing glial in culture from the vascular bovine retina. This procedure has the advantage that large numbers of cultures can be prepared easily and quickly from a vascular retina. For experiments in which many cells are required primary and low passage number cultures can still be employed with a rapid culture procedure, lessening problems with alterations in cell characteristics on passaging. Work is in progress to develop these methods for culture of glial cells from the human retina. To date there is only one report of human glial cells being cultured and that is by a modification of the Roberge technique58 with all the inherent difficulties we have previously discussed.
Cultures of glial cells have already been used in several different types of studies and with the development of simpler techniques to culture the cells, particularly if human glial cells can be grown by these methods, their use is likely to be more extensive. Cultures allow easier investigation of the role of cells in normal and pathological situations, in which the events occurring in vivo are complex. By first employing cultures of individual cell types we can begin to understand the influence of other factors and cellular interactions on the behaviour of cells. It is important therefore to continue with the development of glial cultures, to improve the conditions for growth and to find a definitive marker for these cultured cells. 
